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NEUROMORPHIC CHIP AND METHOD AND The general aspect of the method may further include , 
APPARATUS FOR DETECTING SPIKE before the determining of whether the spike event occu curred , 

EVENT grouping neurons in the neuromorphic chip into the plurality 
of neuron groups . The transmitting may involve transmitting 

CROSS - REFERENCE TO RELATED 5 the identified address information out of the neuromorphic 
APPLICATION ( S ) chip . 

In response to a determination that the spike event 
This application claims the benefit under 35 USC 119 ( a ) occurred in the neuron group , the determining may involve 

of Korean Patent Application No. 10-2013-0050544 filed on determining whether a neuron subgroup of the neuron group 
May 6 , 2013 , in the Korean Intellectual Property Office , the 10 includes a neuron in which the spike event occurred . 
entire disclosure of which is incorporated herein by refer The determining may involve : identifying a neuron group ence for all purposes . in which a spike event did not occur ; and determining , for 

BACKGROUND a remaining neuron group other than the identified neuron 
15 group , whether a spike event occurred in a neuron subgroup 

of the neuron group . 1. Field 
The following description relates to neuromorphic chips The address information of the neuron in which the spike 

and to methods and apparatus for detecting spike event or for event occurred may involve address information of the 
transmitting spike event information of neurons of a neuro neuron group in which the spike event occurred and address 
morphic chip . 20 information of the neuron in which the spike event occurred 

2. Description of Related Art within the neuron group . 
A brain includes roughly 100 billion nerve cells , or The transmitting may involve : identifying , for the neuron 

neurons , that are interconnected with one another to form in which the spike event occurred , timing information in 
complex neural networks . Neurons are responsible for the which the spike event occurred ; and transmitting the address 
intellectual capacity to learn and to memorize information . 25 information of the neuron in which the spike event occurred 
Neurons use their synapses to transmit and receive signals and the timing information through a synchronized channel . 
with thousands of other neurons . Neurons form a structural The determining may involve determining whether the 
and functional unit of nervous system and a basic unit of spike event occurred in the neuron group using a one clock 
information transmission . A synapse refers to a junction cycle . 
between neurons , in particular , between an axon of one 30 In another general aspect , there is provided a method of 
neuron and a dendrite of another neuron . A neuron is detecting a spike event , the method involving : determining 
connected to thousands of other neurons via synapses . whether a spike event occurred in a neuron group among a 

A neuromorphic chip refers to a semiconductor circuit plurality of neuron groups in a neuromorphic chip ; and 
that is designed to mimic an information processing scheme determining , for a neuron group in which the spike event 
of a brain by forming , at a neuron level , an artificial nervous 35 occurred , whether a spike event occurred in a neuron sub 
system mimicking the nervous system of a living organism . group of the neuron group . 

A neuromorphic chip may be used in implementing an The general aspect of the method may further involve , 
intelligent system that is capable of being adapted to an before the determining of whether the spike event occurred , 
unspecified environment . This technology may be devel grouping neurons in the neuromorphic chip into the plurality 
oped in applications of voice recognition , danger recogni- 40 of neuron groups . 
tion , real - time fast signal processing , computers capable of The determining of whether the spike event occurred in 
recognition and estimation , robots , home appliances , micro the neuron group may involve determining whether the 
mobile devices , security and monitoring , intelligent vehicle spike event occurred in the neuron group during a one clock 
safety , autonomous navigation , and the like . cycle . 

A communication channel is used to read a spike event 45 The determining of whether the spike event occurred in 
occurring in a neuron included in a neuromorphic chip or to the neuron subgroup may involve determining whether the 
deliver event information to transmit the spike event to spike event occurred in the neuron subgroup during a one 
another neuron . An address event representation ( AER ) clock cycle . 
refers to a method of recording an address of a neuron in The neuron subgroup may correspond to a neuron group 
which a spike event has occurred , in a communication bus 50 including fewer neurons than a number of neurons included 
asynchronously with timing of a spike event occurrence . in the neuron group . 

In another general aspect , there is provided a neuromor 
SUMMARY phic chip including : a plurality of neurons configured to 

generate a spike event based on an amount of current 
This Summary is provided to introduce a selection of 55 received through a synapse ; and a spike event detection unit 

concepts in a simplified form that are further described configured to detect whether a spike event occurred in the 
below in the Detailed Description . This Summary is not plurality of neurons , in which the spike event detection unit 
intended to identify key features or essential features of the is configured to detect whether a spike event occurred in a 
claimed subject matter , nor is it intended to be used as an aid neuron based on neuron groups . 
in determining the scope of the claimed subject matter . The spike event detection unit may be configured to group 

In one general aspect , there is provided a method of the plurality of neurons into the neuron groups before 
transmitting spike event information , the method involving : detecting whether the spike event occurred . 
determining whether a spike event occurred in a neuron In response to a determination that the spike event 
group among a plurality of neuron groups in a neuromorphic occurred in a neuron group , the spike event detection unit 
chip ; and identifying address information of a neuron in 65 may be configured to determine whether a neuron subgroup 
which the spike event occurred and transmitting the identi of the neuron group includes a neuron in which the spike 
fied address information . event occurred . 

60 
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In response to a determination that the spike event did not known to one of ordinary skill in the art may be omitted for 
occur in a neuron group , the spike event detection unit may increased clarity and conciseness . 
be configured to omit a spike event detection operation The features described herein may be embodied in dif 
based on a neuron subgroup . ferent forms , and are not to be construed as being limited to 

The spike event detection unit may be configured to adjust 5 the examples described herein . Rather , the examples 
at least one of a number of neuron groups to be generated described herein have been provided so that this disclosure 
through grouping and a depth of a neuron group based on at will be thorough and complete , and will convey the full 
least one of a number of neurons included in the neuromor scope of the disclosure to one of ordinary skill in the art . 
phic chip and a number of occurrences of a spike event . FIG . 1 is a diagram illustrating an example of a neuro 
At least one of the neuron groups may include a neuron 10 morphic chip 100 . 

subgroup , the spike event detection unit being configured to The neuromorphic chip 100 may transmit , out of the 
adjust a size of the neuron subgroup based on at least one of neuromorphic chip 100 , spike event information of neurons 

110 included in the neuromorphic chip 100. The spike event a number of neurons included in the neuromorphic chip and information may include address information of a neuron in a number of occurrences of a spike event . 15 which a spike event has occurred and timing information at The general aspect of the neuromorphic chip may further which the spike event has occurred . 
include : a spike event information transmission unit config The neuromorphic chip 100 may detect or scan a neuron 
ured to identify address information of a neuron in which the generating or firing a spike event based on a neuron group , 
spike event occurred and timing information in which the for example , a collection of the neurons 110. The neuro 
spike event occurred , and transmit the identified address 20 morphic chip 100 may determine the occurrence of the spike 
information and the identified timing information . event for each neuron group rather than determining the 

The spike event information transmission unit may be occurrence of the spike event for each of the neurons 110 
configured to identify address information of a neuron group independently , to improve a transmission efficiency of spike 
including the neuron in which the spike event occurred and event information . 
address information of the neuron in which the spike event 25 Referring to FIG . 1 , the neuromorphic chip 100 may 
occurred , and to transmit the identified address information . include a plurality of neurons 110 that generate a spike event 

Other features and aspects will be apparent from the based on an amount of current received through a synapse , 
following detailed description , the drawings , and the claims . a spike event detection unit 120 , and a spike event infor 

mation transmission unit 130 . 
BRIEF DESCRIPTION OF THE DRAWINGS When an amount of current received through a synapse is 

greater than a preset threshold value , a neuron 110 may 
FIG . 1 is a diagram illustrating an example of a neuro generate a spike event . When the amount of current is less 

morphic chip . than the preset threshold ue , the neuron 110 may not 
FIG . 2 is a diagram illustrating an example of an appa generate a spike event . That is , the spike event may be 

ratus for detecting a spike event . 35 generated when the current reaches a threshold value , simi 
FIG . 3 is a diagram illustrating an example of a method lar to an action potential in a neuron that is triggered at a 

of detecting a spike event . threshold potential . Each of the neurons 110 may have 
FIG . 4 is a diagram illustrating an example of a method unique address information for identifying a neuron that 

of transmitting spike event information of a neuron . generated or fired a spike event in the neuromorphic chip 
FIG . 5 is a diagram illustrating an example of a circuit for 40 100 . 

detecting a spike event . The spike event detection unit 120 may detect a spike 
FIG . 6 is a flowchart illustrating an example of a method event of a neuron . In order to detect a spike event , the spike 

of transmitting spike event information . event detection unit 120 may group the neurons 110 
FIG . 7 is a flowchart illustrating an example of a method included in the neuromorphic chip 100 into a plurality of 

of detecting a spike event . 45 neuron groups . 
Throughout the drawings and the detailed description , The spike event detection unit 120 may group the neurons 

unless otherwise described or provided , the same drawing 110 based on at least one of the number of neurons or the 
reference numerals will be understood to refer to the same frequency or ratio of occurrences of spike events in order to 
elements , features , and structures . The drawings may not be adjust the number of neuron groups that are generated or a 
to scale , and the relative size , proportions , and depiction of 50 depth of the neuron groups that are generated . For example , 
elements in the drawings may be exaggerated for clarity , the spike event detection unit 120 may determine the num 
illustration , and convenience . ber of neuron groups to be generated , based on a number of 

neurons that are included in the neuromorphic chip 100. The 
DETAILED DESCRIPTION spike event detection unit 120 may , for example , generated 

55 a higher number of neuron groups when the number of 
The following detailed description is provided to assist neurons in the neuromorphic chip 100 increases . Also , when 

the reader in gaining a comprehensive understanding of the a number of occurrences of a spike event is less than a preset 
methods , apparatuses , and / or systems described herein . threshold value , the spike event detection unit 120 may 
However , various changes , modifications , and equivalents reduce a number of neuron groups that are to be generated 
of the systems , apparatuses and / or methods described herein 60 by increasing a number of neurons to be included in one 
will be apparent to one of ordinary skill in the art . The neuron group or may adjust a depth of a neuron group to be 
progression of processing steps and / or operations described lower than a previous depth . Here , the depth of the neuron 
is an example ; however , the sequence of and / or operations group may correspond to a hierarchical model order in the 
is not limited to that set forth herein and may be changed as hierarchical model of the neuron group . For example , a 
is known in the art , with the exception of steps and / or 65 higher - order hierarchical model may indicate that neuron 
operations necessarily occurring in a certain order . Also , groups are structured in a larger number of hierarchies or 
descriptions of functions and constructions that are well tiers . 
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The spike event detection unit 120 may detect whether a detection unit 120 may detect the spike event based on 
spike event has occurred based on the neuron groups gen individual neurons , rather than based on the neuron groups . 
erated based on the hierarchical model . The spike event The spike event information transmission unit 130 may 
detection unit 120 may detect whether a spike event has identify address information of a neuron in which a spike 
occurred per clock cycle . For example , the spike event 5 event has occurred , and transmit , out of the neuromorphic 
detection unit 120 may determine whether or not a spike chip 100 , the identified address information . The address 
event has occurred in a neuron group or a neuron during one information of the neuron may include address information 
clock cycle . of a neuron group including the neuron and address infor 

The occurrence of a spike event in a neuron group may mation of the corresponding neuron within the neuron 
imply that the neuron group includes at least one neuron in 10 group . The address information of the neuron group that 
which the spike event has occurred . The non - occurrence of includes the neuron in which the spike event has occurred 
a spike event in a neuron group may imply that a neuron in may be determined based on a lowest - level neuron group . 
which a spike event has occurred is not included in a Also , the spike event information transmission unit 130 
corresponding neuron group . may identify timing information at which a spike event of a 

The spike event detection unit 120 may detect a spike 15 neuron has occurred , and transmit , out of the neuromorphic 
event of a neuron based on a hierarchical model , such as a chip 100 , the identified timing information . Further , the 
nested set model . For example , the spike event detection unit spike event information transmission unit 130 may separate 
120 may set a neuron subgroup of a neuron group by further address information of the neuron in which the spike event 
dividing the neurons in the neuron group into one or more has occurred from the timing information , and transmit the 
neuron subgroups . A neuron group that includes one or more 20 address information and the timing information through a 
neuron subgroups may correspond to a higher - level neuron synchronized channel . For example , the timing information 
group . In this example , a neuron subgroup may correspond may include strobe information representing whether a spike 
to a group of neurons including fewer neurons than the event has occurred . In this example , when a spike event 
neuron group . occurs , the strobe information may be represented as “ 1 ” , 

The spike event detection unit 120 may adjust a size of a 25 and when a spike event does not occur , the strobe informa 
neuron subgroup that is included in a neuron group based on tion may be represented as “ O ” . The spike event information 
at least one of a number of neurons included in the neuro transmission unit 130 may synchronize address information 
morphic chip 100 and a number of occurrences of spike of a neuron in which a spike event has occurred and timing 
event . For example , when a number of occurrences of spike information in which the spike event of the neuron has 
event in a neuron is less than a preset threshold value , the 30 occurred , and transmit the address information and the 
spike event detection unit 120 may increase a number of timing information . 
neurons included in a neuron subgroup by increasing a size FIG . 2 is a diagram illustrating an example of an appa 
of the neuron subgroup , and vice versa . A neuron subgroup ratus 200 for detecting a spike event . 
may include a lower - level neuron group of the neuron The apparatus 200 for detecting a spike event may detect 
subgroup , and the lower - level neuron group may belong to 35 a spike event generated by a neuron . The apparatus 200 for 
the neuron subgroup and may correspond to a neuron group detecting a spike event may be embedded in a neuromorphic 
including fewer neurons than those of the neuron subgroup . chip or may operate outside of a neuromorphic chip . Refer 
When a spike event occurs in a neuron group , the spike ring to FIG . 2 , the apparatus 200 for detecting a spike event 

event detection unit 120 may detect whether the spike event may include a grouping unit 210 and a spike event detection 
has occurred based on a neuron subgroup constituting the 40 unit 220 . 
neuron group . For a neuron group in which a spike event did The grouping unit 210 may group neurons included in a 
not occur , the spike event detection unit 120 may not neuromorphic chip into a plurality of neuron groups . The 
perform an operation of detecting a spike event . grouping unit 210 may adjust a number of neuron groups to 

For example , the spike event detection unit 120 may be generated through performing grouping based on a num 
detect whether a spike event has occurred in an order of : a 45 ber of neurons included in the neuromorphic chip . Alterna 
higher - level neuron group in which a spike event has tively , the grouping unit 210 may adjust a number of neuron 
occurred > a neuron subgroup included in the higher - level groups to be generated through performing grouping based 
neuron group- > a neuron group lower in level than on a number of occurrences of a spike event of a neuron . For 
the neuron subgroup > a lowest - level neuron example , when a number of occurrences of a spike event is 
group- > neurons included in the lowest - level neuron group . 50 less than a preset threshold value , the grouping unit 210 may 
For a neuron group in which a spike event did not occur reduce a number of neuron groups to be generated by 
during a predetermined length of time , the spike event increasing a number of neurons to be included in a neuron 
detection unit 120 may not perform the determining as to group . 
whether a spike event has occurred . Accordingly , the spike The grouping unit 210 may group neurons into hierarchi 
event detection unit 120 may reduce a number of clock 55 cal neuron groups based on a hierarchical model . For 
cycles necessary for detecting the occurrence of spike event example , the grouping unit 210 may set a neuron subgroup 
and reduce power consumption due to a reduced number of of a neuron group and a lower - level neuron group of a 
clock cycles necessary . neuron subgroup hierarchically . The grouping unit 210 may 

In the event that it is determined that a spike event has adjust a size of a neuron subgroup constituting a neuron 
occurred in a lowest - level neuron group , the spike event 60 group and a depth of the neuron group based on at least one 
detection unit 120 may individually determine whether a of a number of neurons included in the neuromorphic chip 
spike event has occurred for each of the neurons 110 100 and a number of occurrences of a spike event . 
included in the lowest - level neuron group . The lowest - level The spike event detection unit 220 may determine 
neuron group may correspond to a neuron group including whether a spike event has occurred in a neuron group for 
a fewest number of neurons located at a lowest level in a 65 each neuron group included in the neuromorphic chip , and 
hierarchical model of neuron groups . When a spike event identify address information of a neuron in which a spike 
has occurred in a lowest - level neuron group , the spike event event has occurred . 
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In response to a determination that a neuron group a spike event may not perform a spike event detection 
includes a neuron in which a spike event has occurred , the operation on the neuron group 360 . 
spike event detection unit 220 may determine whether a The apparatus for detecting a spike event may determine 
neuron subgroup of the neuron group includes the neuron in whether the spike event has occurred in the neuron sub 
which the spike event has occurred . groups 342 , 344 , and 346 of the neuron group 340 and the 

In the event that a spike event did not occurred in a neuron neuron subgroups 382 , 384 , and 386 of the neuron group group , the spike event detection unit 220 may determine , for 380. For the neuron subgroups 342 , 344 , 346 , 382 , 384 , and remaining neuron groups other than the corresponding neu 386 , a minimum of six clock cycles may be required to ron group , whether a spike event has occurred in a neuron determine whether a spike event has occurred . subgroup of the neuron group . For a neuron group in which 10 In FIG . 3 , the apparatus for detecting a spike event may a spike event has not occurred , the spike event detection unit determine whether a spike event has occurred for each of the 220 may not perform a spike event detection operation based 
on a neuron subgroup . When it is determined that a spike neurons included in the neuron subgroups 344 , 382 , 384 in 
event has occurred in a lowest - level neuron group , the spike which the spike event has occurred because a neuron sub 
event detection unit 220 may determine whether a spike 15 group corresponds to a lowest - level neuron group . For the 
event has occurred for each neuron included in the lowest neuron subgroups 342 , 344 , 346 , 382 , 384 , and 386 in which 
level neuron group . a spike event has not occurred , the apparatus for detecting a 

FIG . 3 is a diagram illustrating an example of a method spike event may not perform a spike event detection opera 
of detecting a spike event . tion based on a neuron subgroup . For the neurons included 

Referring to FIG . 3 , an example of a method 310 of 20 in the neuron subgroups 344 , 382 , 384 , a minimum of nine 
detecting a spike event without grouping of neurons is clock cycles may be required to determine whether a spike 
described in which a neuromorphic chip holds twenty seven event has occurred . 
neurons . A pike event has occurred in arbitrary four neurons In the above example , for the neurons 350 , 352 , 354 , and 
350 , 352 , 354 , and 356 among the twenty seven neurons . 356 , a minimum number of clock cycles required by the 
For the non - grouped neurons , a minimum of twenty seven 25 method 310 of detecting a spike event without grouping of 

clock cycles may be required to detect a spike event . neurons is twenty seven . On the other hand , a minimum 
Accordingly , a number of clock cycles required to detect a number of clock cycles required by the method 320 of 
spike event may be determined based on a number of detecting a spike event based on a neuron group is eighteen . 
neurons included in a neuromorphic chip , irrespective of a Accordingly , the method 320 of detecting a spike event 
number of neurons in which a spike event has occurred or a 30 based on a neuron group may be found to be more effective 
number of occurrences of a spike event . For the non - grouped in detecting a spike event than the method 310 of detecting 
neurons , a minimum number of clock cycles or a minimum a spike event without grouping of neurons . For example , in 
clock frequency required to detect a spike event may a winner - take - all ( WTA ) scenario such as a case in which a 
increase in proportion to a number of neurons included in a spike event has occurred in only a particular neuron among 
neuromorphic chip . 35 all neurons included in a neuromorphic chip , a method of 

Hereinafter , another method of detecting a spike event is detecting a spike event based on a neuron group may be 
described . According to a method 320 , an apparatus for more effective . 
detecting a spike event is configured to group twenty seven FIG . 4 is a diagram illustrating an example of a method 
neurons into neuron groups and to detect a spike event based of transmitting spike event information of a neuron . 
on the neuron groups . Referring to FIG . 3 , the apparatus for 40 Referring to FIG . 4 , a method of allocating address 
detecting spike event groups twenty seven neurons into three information of a neuron to transmit spike event information 
neuron groups 340 , 360 , and 380 is illustrated . Each of the for a neuromorphic chip that includes sixty four neurons is 
neuron groups 340 , 360 , and 380 may include nine neurons . illustrated . When a depth of a neuron group is set to 3 , as 
Also , the neuron group 340 may include neuron subgroups illustrated in FIG . 4 , an address for identifying a lowest 
342 , 344 , and 346 ; the neuron group 360 may include neuron 45 level neuron group and an address for identifying each 
subgroups 362 , 364 , and 366 ; and the neuron group 380 may neuron included in a lowest - level neuron group may be 
include neuron subgroups 382 , 384 , and 386. A size and a required to allocate the address information of a neuron in 
shape of a neuron group or a neuron subgroup are not limited which a spike event took place . In FIG . 4 , four neuron 
to the foregoing examples , and various modifications may groups 410 , 420 , 430 , and 440 are illustrated , and each of the 
be made . 50 neuron groups 410 , 420 , 430 , and 440 includes four neuron 

First , the apparatus for detecting a spike event may subgroups . In this example , a neuron subgroup corresponds 
determine whether a spike event has occurred in the neuron to a lowest - level neuron group because a depth of a neuron 
groups 340 , 360 , and 380. The apparatus for detecting a group is 3 . 
spike event may determine that a spike event has occurred For example , an address of a neuron subgroup may be 
in the neuron groups 340 and 380 because the neuron groups 55 represented by 4 bits in binary because sixteen neuron 
340 and 380 include a neuron in which a spike event has subgroups are provided . In this example , an address of a 
occurred . For the neuron groups 340 , 360 , and 380 , a neuron in a neuron subgroup may be represented by 2 bits 
minimum of three clock cycles may be required to determine in binary because each neuron subgroup includes four 
whether a spike event has occurred . neurons . In this example , a 4 - bit bus 470 may be used to 

Subsequently , for the neuron groups 340 and 380 in which 60 transmit address information of a neuron group between a 
the spike event has occurred , the apparatus for detecting a transmitter TX 450 transmitting spike event information and 
spike event may determine whether the spike event has a receiver RX 460 receiving spike event information , and a 
occurred based on a neuron subgroup . The apparatus for 2 - bit bus 480 may be used to transmit address information 
detecting a spike event may determine that the neuron group of a neuron . Also , a bus 490 may be used to transmit timing 
360 does not include any neuron in which a spike event has 65 information regarding a spike event between the transmitter 
occurred because a spike event has not occurred in the 450 and the receiver 460 , and the timing information may 
neuron group 360. Accordingly , the apparatus for detecting include strobe information indicating whether a spike event 
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has occurred . The address information of a neuron and the of the neuron in which the spike event has occurred may 
timing information may be transmitted through a synchro include address information of the neuron group in which 
nized channel . the spike event has occurred and address information of the 

FIG . 5 is a diagram illustrating an example of a circuit for neuron in which the spike event has occurred within the 
detecting a spike event . neuron group . 

A hierarchical structure 510 illustrates a basic structure Also , for the neuron in which the spike event has 
used in an apparatus for detecting a spike event to detect a occurred , the spike event information transmission unit may 
spike event of a neuron . Referring to FIG . 5 , the hierarchical identify timing information in which the spike event has 
structure 510 includes neuron groups SDBO , SDB1 , ... occurred . The spike event information transmission unit 
SDBn 520 and neuron subgroups that are included in the 10 may transmit , out of the neuromorphic chip , the address 
neuron groups SDBO , SDB1 , ... SDBn 520. For example , information of the neuron in which the spike event has 
the neuron group SDBO includes neuron subgroups SDCO , occurred and the timing information , through a synchro 
SDC1 , ... SDCn 530. The apparatus for detecting a spike nized channel . 
event may determine whether a spike event has occurred in FIG . 7 is a flowchart illustrating an example of a method 
the neuron groups 520 , and determine , for only a neuron 15 of detecting a spike event . 
group in which a spike event has occurred , whether a spike In 710 , an apparatus for detecting a spike event may group 
event has occurred based on a neuron subgroup . neurons included in a neuromorphic chip into a plurality of 

A circuit diagram 540 illustrates an example of a circuit neuron groups . The apparatus for detecting a spike event 
for detecting whether a spike event has occurred in the may adjust a number of neuron groups to be generated 
neuron groups SDBO , SDB1 , ... SDBn 520 , and a circuit 20 through grouping or a depth of a neuron group based on at 
diagram 550 illustrates an example of a circuit for detecting least one of a number of neurons included in the neuromor 
whether a spike event has occurred in the neuron subgroups phic chip of a number of occurrences of a spike event . 
SDCO , SDC1 , ... SDCn 530 of the neuron group SDBO . The The apparatus for detecting a spike event may group the 
circuit diagrams 540 and 550 may include a device for neurons hierarchically based on a hierarchical model . The 
generating a clock cycle and logic devices . 25 apparatus for detecting a spike event may set a neuron 

FIG . 6 is a flowchart illustrating an example of a method subgroup of a neuron group and a lower - level neuron group 
of transmitting spike event information . of a neuron subgroup hierarchically . For the neuron groups 

In 610 , the spike event detection unit may group neurons that are generated , the apparatus for detecting a spike event 
included in a neuromorphic chip into a plurality of neuron may determine whether a spike event has occurred in a 
groups . A number of neuron groups to be generated through 30 sequential order . 
grouping may be adjusted based on a number of neurons In 720 , the apparatus for detecting a spike event may 
included in the neuromorphic chip or based on a number of determine whether a spike event has occurred in a neuron 
occurrences of a spike event . group . The apparatus for detecting a spike event may 

The neurons may be grouped hierarchically based on a determine whether a spike event has occurred in a neuron 
hierarchical model . For example , a neuron subgroup of a 35 group during a one clock cycle . 
neuron group and a lower - level neuron group of a neuron In 730 , for a neuron group in which a spike event has 
subgroup may be set hierarchically . A size of a neuron occurred , the apparatus for detecting a spike event may 
subgroup constituting a neuron group or a depth of a neuron determine whether the spike event has occurred in a neuron 
group may be adjusted based on at least one of a number of subgroup of the neuron group . The apparatus for detecting a 
neurons included in the neuromorphic chip and a number of 40 spike event may determine whether a spike event has 
occurrences of a spike event . occurred in a neuron subgroup during a one clock cycle . For 

In 620 , the spike event detection unit may determine a neuron group in which a spike event did not occur , the 
whether a spike event has occurred in each neuron group apparatus for detecting a spike event may not perform a 
among the plurality of neuron groups included in the neu spike event detection operation based on a neuron subgroup . 
romorphic chip . When a spike event has occurred in a 45 The apparatus for detecting a spike event may continue to 
neuron group , the spike event detection unit may determine perform a spike event detection operation based on a neuron 
whether a neuron subgroup of the neuron group includes a group until the spike event detection operation is performed 
neuron in which the spike event has occurred . The spike on a lowest - level neuron group . When the spike event 
event detection unit may determine whether a neuron in detection operation for the lowest - level neuron group is 
which a spike event has occurred is included in a neuron 50 completed , the apparatus for detecting a spike event may 
group during a one clock cycle or a predetermined time determine whether a spike event has occurred for each of the 
period . neurons included in the lowest - level neuron group . 

The spike event detection unit may identify a neuron Described above are various examples of methods and 
group in which a spike event did not occur during the one apparatuses for detecting spike event or transmitting spike 
clock cycle or the predetermined time period . For one or 55 event information . In one example , there is provided a 
more remaining groups other than the identified neuron method of transmitting spike event information of a neuro 
group , the spike event detection unit may determine whether morphic chip , the method including grouping neurons 
a neuron subgroup of the neuron group includes a neuron in included in a neuromorphic chip into a plurality of neuron 
which a spike event has occurred . For a neuron group in groups , determining whether a spike event occurs in a 
which a spike event did not occur , the spike event detection 60 neuron group per neuron group , and identifying address 
unit may not perform a spike event detection operation . information of a neuron in which the spike event occurs and 

In 630 , in a neuron group in which a spike event has transmitting , out of the neuromorphic chip , the identified 
occurred , the spike event information transmission unit may address information of the neuron in which the spike event 
identify address information of a neuron in which the spike 
event has occurred and may transmit , out of the neuromor- 65 In another example , there is provided a method of detect 
phic chip , the identified address information of the neuron in ing a spike event of a neuromorphic chip , the method 
which the spike event has occurred . The address information including grouping neurons included in a neuromorphic chip 

occurs . 
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into a plurality of neuron groups , determining whether a their equivalents . The examples described herein are to be 
spike event occurs in a neuron group , and determining , for considered in a descriptive sense only , and not for purposes 
a neuron group in which the spike event occurs , whether a of limitation . Descriptions of features or aspects in each 
spike event occurs in a neuron subgroup of the neuron example are to be considered as being applicable to similar 
group . 5 features or aspects in other examples . Suitable results may 

In still another example , there is provided a neuromorphic be achieved if the described techniques are performed in a 
chip including a plurality of neurons to generate a spike different order , and / or if components in a described system , 
event based on an amount of current received through a architecture , device , or circuit are combined in a different 
synapse , and a spike event detection unit to detect whether manner and / or replaced or supplemented by other compo 
a spike event occurs in the neurons . 10 nents or their equivalents . Therefore , the scope of the 

The spike event detection unit may group the plurality of disclosure is defined not by the detailed description , but by 
neurons and may detect whether a spike event occurs based the claims and their equivalents , and all variations within the 
on the grouped neuron group . scope of the claims and their equivalents are to be construed 

The neuromorphic chip may further include a spike event as being included in the disclosure . 
information transmission unit to identify address informa- 15 What is claimed is : 
tion of a neuron in which the spike event occurs and timing 1. A method of identifying spike event information , the 
information in which the spike event occurs , and to transmit , method comprising : 
out of the neuromorphic chip , the identified address infor grouping , by a spike event detection unit in a neuromor 
mation and the identified timing information . phic chip , neurons in the neuromorphic chip into neu 

The spike event detection unit may include a grouping 20 ron groups , and grouping neurons in each neuron group 
unit to group neurons included in the neuromorphic chip into into neuron subgroups ; 
a plurality of neuron groups , and a spike event detection unit determining , by the spike event detection unit , a neuron 
to determine whether a spike event occurs in a neuron group group in which a spike event occurs , from among the 
per neuron group and to identify address information of a neuron groups in the neuromorphic chip during a first 
neuron in which the spike event occurs . clock cycle of the clock cycles ; 

The spike event detection unit may include a processor . determining , by the spike event detection unit , a neuron 
The methods described above may be recorded , stored , or subgroup in which the spike event occurs , from among 

fixed in one or more non - transitory computer - readable stor the neuron subgroups in the determined neuron group 
age media that includes program instructions to be imple during a second clock cycle of the clock cycles ; and 
mented by a computer to cause a processor to execute or 30 identifying , by the spike event detection unit , address 
perform the program instructions . The media may also information of a first neuron in which the spike event 
include , alone or in combination with the program instruc occurs , from among neurons in the determined neuron 
tions , data files , data structures , and the like . The media and subgroup during a third clock cycle of the clock cycles , 
program instructions may be those specially designed and and 
constructed , or they may be those well - known and available 35 determining , by the spike event detection unit , that the 
to those having skill in the computer software arts . Examples first neuron generates the spike event , in response to an 
of non - transitory computer - readable media include mag amount of current received by the first neuron through 
netic media such as hard discs , floppy discs , and magnetic a synapse being greater than a threshold value , 
tape ; optical media such as CD ROM discs and DVDs ; wherein the determining of the neuron group , the deter 
magneto - optical media such as optical discs ; and hardware 40 mining of the neuron subgroup , and the determining of 
devices that are specially configured to store and perform the first neuron are performed using the clock cycles , 
program instructions , such as read - only memory ( ROM ) , and a number of the clock cycles to determine the first 
random access memory ( RAM ) , flash memory , and the like . neuron is not greater than a sum of a number of the 
Examples of program instructions include both machine neuron groups , a number of the neuron subgroups , and 
code , such as produced by a compiler , and files containing 45 a number of neurons in the determined neuron sub 
higher level code that may be executed by the computer group . 
using an interpreter . The described hardware devices may be 2. The method of claim 1 , further comprising transmitting 
configured to act as one or more software modules in order the identified address information out of the neuromorphic 
to perform the operations and methods described above , or chip . 
vice versa . In addition , a non - transitory computer - readable 50 3. The method of claim 2 , wherein the transmitting 
storage medium may be distributed among computer sys comprises : 
tems connected through a network and non - transitory com identifying , for the first neuron a time when the spike 
puter - readable codes or program instructions may be stored event occurred ; and 
and executed in a decentralized manner . transmitting the address information of the first neuron 

The various units described above may be implemented 55 and the time through a synchronized channel . 
using one or more hardware components , one or more 4. The method of claim 1 , 
software components , or a combination of one or more wherein the determining of the neuron group comprises 
hardware components and one or more software compo identifying another neuron group , different from the 
nents . A hardware component may be , for example , a determined neuron group ; 
physical device that physically performs one or more opera- 60 wherein the determining of the neuron subgroup com 
tions , such as processing devices , processors , amplifiers , prises determining whether a spike event occurred in a 
memory , circuits , devices for generating clock cycle , logic neuron subgroup of the another neuron group . 
devices , and the like , but is not limited thereto . 5. The method of claim 1 , wherein the address informa 
While this disclosure includes specific examples , it will tion of the first neuron in which the spike event occurred 

be apparent to one of ordinary skill in the art that various 65 comprises : 
changes in form and details may be made in these examples address information of the determined neuron group , and 
without departing from the spirit and scope of the claims and address information of the first neuron . 



groups ; and 10 

15 

US 10,592,803 B2 
13 14 

6. The method of claim 1 , wherein the determining of the ticular neuron group , in response to a determination that the 
neuron group comprises using one clock cycle from among spike event did not occur in the particular neuron group . 
the clock cycles to determine whether the spike event 10. The neuromorphic chip of claim 8 , wherein the spike 
occurred in the neuron group . event detection unit is further configured to adjust a number 

7. The method of claim 1 , wherein the number of the clock 5 of the neuron groups through grouping of the neurons or a 
cycles is lesser than the neurons in the neuromorphic chip . depth of a neuron group based on at least one of a number 8. A neuromorphic chip comprising : of neurons included in the neuromorphic chip or a number neurons that are grouped into neuron groups , and neurons of occurrences of a spike event . in each neuron group are grouped into neuron sub 11. The neuromorphic chip of claim 10 , wherein the spike 

event detection unit is further configured to increase a a spike event detection unit configured to : number of neurons in the neuron groups or to decrease a determine a neuron group in which a spike event 
occurs , from among the neuron groups in the neu depth of the neuron groups , in response to the number of 
romorphic chip during a first clock cycle of clock occurrences of spike events being less than a threshold 

value . cycles , 
determine a neuron subgroup in which the spike event 12. The neuromorphic chip of claim 8 , wherein the spike 

occurs , from among the neuron subgroups in the event detection unit is further configured to adjust a size of 
determined neuron group during a second clock the neuron subgroup based on at least one of a number of 
cycle of the clock cycles , and neurons included in the neuromorphic chip or a number of 

identify address information of a first neuron in which 20 occurrences of a spike event . 
the spike event occurs , from among the neurons in 13. The neuromorphic chip of claim 12 , wherein the spike 
the determined neuron subgroup during a third clock event detection unit is further configured to increase a 

number of neurons in the neuron subgroups , in response to cycle of the clock cycles , in response to an amount 
of current received by the first neuron through a the number of occurrences of spike events being less than a 

threshold value . synapse being greater than a threshold value , 
wherein the neuron group , the neuron subgroup , and the 14. The neuromorphic chip of claim 8 , wherein the spike 

first neuron are determined using the clock cycles , and event detection unit is further configured to identify a time 
wherein a number of the clock cycles to determine the first of occurrence of the spike event , and further comprising a 

neuron is not greater than a sum of a number of the spike event information transmission unit configured to 
neuron groups , a number of the neuron subgroups , and 30 transmit the identified address information and the identified 
a number of the neurons in the determined neuron time . 

15. The method of claim 8 , wherein the number of the subgroup . 
9. The neuromorphic chip of claim 8 , wherein the spike clock cycles is lesser than the neurons in the neuromorphic 

event detection unit is further configured to omit a spike chip . 
event detection operation of a neuron subgroup of a par 
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